Cresol is an organic pollutant discharged by pharmaceutical, pesticide, coal and gasification industries causing severe organ failure in humans. Therefore, it is of interest to isolate microbes from contaminated site for degrading cresol. We isolated a strain (CR-13) that survives at 5000ppm cresol with about 80% cresol degradation ability. Immobilized cells showed >99% degradation at high concentration of cresol. The 16S rRNA sequence (accession number: MF278026) deposited in GenBank was used for phylogenetic tree analysis and the strain was grouped under Pseudomonas monteilii. The isolated cresol degrading strain was subsequently named as Pseudomonas monteilii SHY.
used for cell entrapment, whereas, agar had been sparsely used. Various strains of Arthrobacter, Acinetobacter, Pseudomonas, Ralstonia, fungus have been immobilized on calcium alginate beads [5, 7] . Calcium alginate is also applied with gelatin to create a strong gel matrix known as hydrogel. These hydrogel are non-toxic, biocompatible and biodegradable due to biological origin with high adsorption potential [18] . They are mostly used in pharmaceutical industries for drug delivery, contact lenses, wound dressing, etc. Hydrogels have been used as matrix for growing anchoragedependent cells in tissue culture because they are soft and easily penetrable for the cells to adhere over the surface providing mechanical support to grow and proliferate. Its application in cell entrapment is known [18] . Other polymeric matrices used for cell immobilization include polyurethane foam. These are chemical based polymers with high porosity, mechanical strength and surface area for interaction. The foams are easy for application in stirred tank reactors for large scale production [19] .
Degradation of cresol using a potential microorganism screened from a petrochemical contaminated site is of interest. A series of degradation assay were performed to isolate the prospective microbial species. Phylogenetic assessment along with biochemical characterization aided in the identification of bacterium. The study was followed by bacterial immobilization using calcium alginate, agar beads, polyurethane foam and calcium alginate gelatin beads. The physical and chemical parameters for the suitable matrix were optimized and compared with the optimized conditions used for degradation of cresol by free cells.
Methodology: Screening and isolation
The microbial consortium was isolated from various petroleumcontaminated sites including petrol pumps, automobile workshops and petroleum reservoirs, in and around Calicut, Kerala, India. The soil samples were collected in autoclaved bottles and were stored at 4⁰C until use. The soil was diluted with 0.85% saline at 1% concentration and kept for 15 minutes to get dissolved. The welldissolved 1%soil-saline solution, thus, obtained was inoculated in to nutrient broth for growth of microorganisms for a period of 24 hours at ambient temperature [20, 21] . The temperature and period of incubation supports the growth of various bacterial species acclimatized to the petroleum contaminated environment.
Preparing specific growth medium isolated the microbial species with cresol degradation ability. The well-known cresol degrader, Pseudomonas putida, was grown on Minimal mineral medium (MMM) without carbon source and was used as a negative control, whereas, for positive control, P. putida was grown on MMM with 100ppm of each cresol isomers, p-, o-and m-cresol, simultaneously, as carbon source [22] . The test to be analyzed for degradation efficiency was also grown on each of the cresol isomer supplemented in MMM as carbon source at a concentration of 100 ppm. The samples were incubated for 24 hours at 37⁰C and optical density was calculated at 550 nm using UV-Visible spectrophotometer. Based on maximum optical density achieved with one of the cresol isomer as carbon source, that particular cresol was selected for further studies.
After the incubation period of 24 hours, survivor microorganisms were transferred to MMM supplemented with a higher dose of selected cresol isomer i.e. 500ppm. On completion of 24 hours incubation, dilution of the grown culture was prepared from 10 -1 to 10 -10 using distilled water. These dilutions were spread on to solid medium prepared using MMM with 2% agar and 500ppm cresol. 50µl of each dilution was spread on to the agar medium in triplicates at same physical conditions [23] .
Acclimatization
The bacteria that survived on agar plates were cultured in the same medium with cresol as carbon source (500ppm). The cultures were then subjected to higher cresol concentrations varying from 500ppm to 1200ppm. The cultured organism with maximum survivability was selected for further study.
Growth profile
The growth profile of the bacterium was studied using O.D. at 550 nm. Also, growth profile of consortium during screening process was assessed by UV-Visible spectrophotometer.
Cresol concentration assessment
The biomass is separated from the sample by centrifugation at 8000 rpm for 10 minutes. The amount of remnant cresol in the sample was tested by 4-amino antipyrine assay. The assay is performed by treating sample containing cresol with 4-amino antipyrine in presence of potassium ferricyanide as oxidizing agent at pH 10.00. The solution results into a stable antipyrine dye with reddishbrown color. The intensity of color is proportional to the amount of cresol concentration. UV-Visible spectrophotometer is used for measuring optical density at 506 nm that results based on color intensity. The colorimetric assay can be used for concentration calculation by plotting standard curve with known concentrations (concentration used in the study was 100 to 1000µg/L). The protocol is the modification of procedure suggested by [24-27].
Immobilization of isolated bacterium
The matrices used for immobilization of the organism were calcium alginate beads, agar beads, polyurethane foam, and calcium alginate with gelatin [5, 18, 19].
Calcium alginate entrapment 3% sodium alginate solution is prepared using growth medium and 25g of freshly grown biomass was added and mixed by eliminating the air bubbles. The cross linking was carried out by dropping (preferably using syringe) the prepared solution into stirring 100 ml of calcium chloride prepared in 0.05M concentrations. Calcium chloride is a cross linking solution that forms a gel on contact with sodium alginate. Beads were left for drying at room temperature. The dried bead were washed again with the cross linking solution and redried for use [28] .
Agar beads 4% agar solution was heated to get clear solution and was cooled down to 40⁰C. Equal amount of biomass was added to make final concentration of agar to 2% using syringe/pipette the suspension of cells and agar was pipette onto a clean petridish to form cell beads [5] .
Polyurethane foam entrapment
The polyurethane foams were commercially availed and autoclaved before immobilization. The heat stable foams were cut into pieces of 2X2X2 cm 3 and kept in 100 ml of optimized growth medium. 10g of wet cell biomass was suspended in the medium and kept for incubation at optimized temperature for 24 hours. The cells gradually start growing on the foam matrix [29, 30].
Calcium alginate cross-linked with gelatin entrapment
The entrapment method involved preparation of sodium alginate with gelatin in 2:1 ratio. The procedure is same as mentioned for sole calcium alginate bead preparation. The beads are left in stirring calcium chloride solution for saturation for 48-72 hours. The beads are dried for use [18] .
Cresol degradation study using immobilized agar beads
The two different cresol concentrations were prepared, namely 1000 and 2000 mg/L. The entrapped cells were placed in the growth medium supplemented with cresol for 24 hours. The biomass separated by centrifugation followed by evaluation of remnant cresol concentration, which was carried out by 4-amino antipyrine assay. Also, for better cresol degradation the optimization of physio-chemical parameters like pH, temperature, time, initial cresol concentration and bead size, was performed.
Biomass estimation
The cell mass was calculated in terms of cell protein, where Lowry's protein estimation assay was used to determine the cell protein.
The known quantity of the culture broth was centrifuged at 6000 rpm and cell pellet was suspended in 3.5 ml of distilled water. 0.5 ml of 20% NaOH was added and boiled in water bath for 10 minutes. The cooled solution was used subjected to Lowry's assay
In case of free cells, the above mentioned protocol was used, though for agar beads, the beads have to be blotted to remove the medium and macerated in 20% NaOH solution to digest the cells. Thereafter, supernatant was subjected to Lowry's assay. The obtained 16S rRNA sequence for respective organism, the phylogeny was assessed by similarity search against the available database and microorganism was determined.
Results and Discussion: Screening isolation and characterization
The screening for strains in samples from 30 different petroleum contaminated sites was completed. The cell growth in mineral medium on supplementing with cresol as carbon source yielded 15 competent strains able to survive on cresol. Also, o-cresol isomer was selected to carry out further experiments, as cell growth was found maximum in terms of optical density, compared to p-and mcresol isomers. The maximum degradation efficiency of each strain was analyzed by sub-culturing the cells on to mineral medium with varying concentrations of o-cresol from 500ppm to 1200ppm. It was observed that CR-13 i.e. strain no. 13 was fittest and compatible with even high cresol concentration. Thus, CR-13 was selected for the remaining study. The screening and isolation of CR-13 was followed by morphological and biochemical characterization and the bacteria were identified as Pseudomonas monteilii [35] . The negatively gram stained rods have been clearly depicted in Figure  1a with circular smooth and wet colonies shown in Figure 1b . At the optimized conditions, the effect of initial cresol concentration was analyzed by varying cresol amount from 500ppm to 1500ppm. An increasing trend in cell growth is very well observed with increasing incubation period with a simultaneous decrease in the cresol concentration over the period of time. The best observation to be reported is the degradation ability of the strain even when cresol was present at a very high concentration of 1500ppm. This clearly showcases the benefits and necessity of optimized conditions. Similar study was performed on Pseudomonas putida to test in influence of changing phenol concentration [36] . Figure 2 depicts the corresponding graphical data at varying cresol concentration (Table 1) . 
Immobilization of Pseudomonas monteilii strain:
Cell immobilization has various benefits. It helps to increase cell survival, protects from toxicity and provides mechanical strength that makes it easy to transport and commercialize. Further, immobilized cells can be used for therapeutic and analytical applications [5] . The matrices used in the study were calcium alginate, agar, polyurethane foams and calcium alginate with gelatin ( Figure 12 ). The cell entrapment was successfully achieved by each of the techniques and has been depicted in Figure 3 . The efficiency of immobilized cells was further evaluated and compared with the efficiency of free cells. The experiments were performed to check the influence caused by cell entrapment.
The cell growth study conducted at 1000 and 2000ppm cresol concentrations resulted in maximum growth of free cells followed by cell growth in polyurethane foam, agar beads, calcium alginategelatin beads and calcium alginate beads. The cell growth is completely depending on the supply of nutrients inside the matrices. The matrices are supposed to possess some resistance towards mass transfer thus, results in less growth. But, the cell growth was comparable with free cells, though free cells have shelf life of 3 days. Immobilization increased the storage life of cells from 3 to 45 days. A comparative analysis between calcium alginate and agar beads was conducted using Pseudomonas species by Ahamad et al [5] . There have been a few studies on comparison between immobilization matrices and another study that adds to the list was performed by Mollaei et al [37] . The minimum cresol concentration after storage period was observed in case of agar beads and has been shown in Figure 4 using Table 2 and Table 3 . Thus, agar beads were further considered to carry out the optimization study. 
Parameter optimization for immobilized cells:
The growth of immobilized cells on matrices can be enhanced further by optimization. The conditions optimized were pH, temperature and bead size. At temperature range from 20 to 40⁰C, highest cell viability was ascertained at 28⁰C. The OD values at different time points have been mentioned in Figure 5 . The optimized pH for free cells was found to be 6.8±0.2. Thus, for immobilized cells the pH range was set from 6.0 -7.6. The cell growth increased on going from pH 6.0 to 6.8, and then decreased gradually. Although the proliferated cells were comparable at each point, thus, cresol amount was degraded to almost negligible in each case accounting to a lesser OD value, shown in Figure 6 . Maximum degradation was obtained at pH=6.8. Bead size was another factor that seemed to influence the cresol degradation. On varying bead size from 2 -5 mm diameter, 3mm was found to be optimum size that provides less mass transfer resistance and better degradation as seen in Figure 7 showing less OD in respective case. Based on the bead size, agar beads were further tested as the matrix to grow cell and degrade cresol. The study conducted on Agar beads gave an enhanced resistance and degradation potential to cells against cresol. The cells were able to survive well even at high cresol concentration of 5000ppm. Figure 8 and 10 depicts the corresponding graph for growth profile of CR-13 in agar beads and free cells, respectively. Notably, free cells were able to survive up to 3000ppm cresol concentration. Also, cresol degradation with respect to time has been graphically presented in Figure 9 and 11 for cells immobilized on agar beads and free cells, respectively. The optimized conditions for immobilized cells on agar beads were further used for cresol degradation and compared simultaneously with free cells. Table 6 and 7 gives a detailed outlay of the variation in residual concentrations of cresol over the time. The free cells have potential to degrade more than agar beads when the cresol concentration is <3000ppm due to easy contact with cresol as carbon source (Figure 9 ). Ongoing to the higher cresol amount, agar beads have shown better potential which may be due to the protecting layer provided by agar. The direct contact of cresol to the cells was somehow lesser in case of immobilization that resulted in cresol utilization. Cresol being hazardous chemical, might cause cell death on direct exposure leading to ~80% degradation at >3000ppm cresol amount (Figure 10 ).
Cell growth in terms of cell protein was found more in case of free cells in comparison to immobilized cells. The cell protein estimation basically reveals the amount of biomass including viable and nonviable cells. Free cells have an early onset of growth, whereas, the growth may be delayed in immobilized matrix due to less contact of cells with the medium. Thus, saving the direct contact of cells with medium possess both advantages and disadvantages. The benefits account to the preserved cell potential for degradation of cresol even at higher concentration. On the other hand, the delayed cell growth in the initial cell growth stages results in cresol degradation over extended time frame. The cell growth in free cells and immobilized matrix can be seen in Table 4 and 5.
Figure 12:
The immobilization matrices used in the study 
Phylogeny assessment
The strain was subjected to DNA isolation using phenol-chloroform method. PCR amplification of the 16S rRNA of the isolated DNA was carried out using protocol mentioned in [21] . Amplified product of the DNA was used for 16S rRNA sequencing using Sanger dideoxy Sequencing. Both the forward and reverse sequence obtained from the trace file, further assembles using DNA Baser The CR-13 sequence was used for pairwise alignment using Blast against 16S ribosomal RNA Database in NCBI [ Table 10 ]. All the similar sequences were retrieved from NCBI and the same was used for constructing the phylogenetic Tree ( Figure 13 ) using Mega [45] . The sequence of sample CR-13 aligned against other species was concluded to be a novel strain, further which were named Pseudomonas monteilii strain SHY. The sequence of the novel isolate was deposited in NCBI Database using Accession number: MF278026. 
Elucidation

Conclusion:
We report the isolation and optimization of Pseudomonas monteilii strain SHY (CR-13) for cresol degradation. The isolated cresoldegrading microbe was characterized by the phylogenetic tree analysis of 16S rRNA sequence. Cresol degradation by Pseudomonas monteilii strain SHY was optimized at varying temperatures, pH and media for varying concentration of cresol. The microbe immobilized in agar beads improved cresol degradation efficiency.
